
Retinal Organization | Encyclopedia.pub

https://encyclopedia.pub/entry/417 1/6

Retinal Organization
Subjects: Ophthalmology

Contributor: Yuliya Markitantova , Vladimir Simirskii

The retinal arhitecture is similar across all vertebrates despite the morphological and functional peculiarities. The

retina is composed of two main parts: the single-layred retinal pigment epithelium and the multilayred neuroretina

which includes a number of neuronal and glial cell types. Homeobox genes from different classes are accepted as

critical for eye field specification and retinal cells type differentiation by a broad array of loss- or gain-of-function

models. Among these genes are some that are known to cause inherited retinal diseases (IRDs) that disturb the

formation, function, and survival of rod and cone photoreceptors, ganglion cells, or retinal pigment epithelial cells

[4,6–8]. The advances in the field of genetics and high-throughput next-generation sequencing and cell

technologies allow for deepening of knowledge of the genetic basis of inherited retinal diseases (IRDs), as well as

improve their diagnostics and therapy.
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1. Introduction

The general plan of the retinal architecture is similar across all vertebrates and humans, despite the morphological

and functional peculiarities . The retina is composed of two parts: The single-layered retinal pigment epithelium

(RPE) on the posterior side and the neuroretina on the anterior side of the eye.

2. In the Mirror of Homeobox Genes

The neuroretina is a highly organized multilayered tissue that includes interconnecting layers of specialized cells:

Six main types of neurons (photoreceptors, bipolar cells, horizontal cells, amacrine cells, ganglion cells, and

interplexiform neurons) and four types of radial glia cells (Muller cells, astrocytes, microglia, and oligodendrocytes)

(Figure 1).
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Figure 1. Expression of homeobox genes in the adult mouse retina. The retinal architecture is detailed in the

review. The cell-specific expression of genes is detected by single-cell RNA sequencing (data from

https://eyeintegration.nei.nih.gov). The only genes which are known to associate with eye/retinal malformations in

humans are shown. On the left: Retinal layers; on the right: homeobox genes indicated in the same color as the

cell types expressed them. Abbreviations in parentheses show corresponding cell types. RPE, retinal pigment

epithelium; ONL, outer nuclear layer; OPL, outer plexiform layer; INL, inner nuclear layer; IPL, inner plexiform

layer; GCL, ganglion cell layer; C, cone; R, rod; HC, horizontal cell; AC, amacrine cell; cBC, cone bipolar cell; rBC,

rod bipolar cell; MG, Muller glia; RGC, retinal ganglion cell; Mi, microglial cell. Modified from . License to

reproduce: https://creativecommons.org/licenses/by/4.0/.

Radial glia of the retina line the bottom and lateral surface of the optic cup, forming the radial layers . Three

nuclear layers, consisting of different types of sensory neurons, and two plexiform layers (outer and inner)

representing synaptic connections between retinal neurons of the border nuclear layer, are distinguished in the

retina. The outer nuclear layer (ONL) of the retina includes light-sensitive cells (rods and cones of photoreceptors).

The outer segments of photoreceptors are in close interaction with the RPE (single row layer of intensely

pigmented epithelial cells). RPE cells are located between the photoreceptors and the choroid and perform a

number of physiological functions: Protection of photoreceptors from excess light, transduction of visual signal,

retinal homeostasis (growth factor secretion, regulation of ion balance in subretinal space), and phagocytosis of

exfoliated discs of outer segments of photoreceptors . The RPE is underlain by Bruch’s membrane which

consists of the components of the choroid endothelium and the fibrillar layer of the RPE basal plate . The second

[2]

[3][4]

[5][6]

[7]



Retinal Organization | Encyclopedia.pub

https://encyclopedia.pub/entry/417 3/6

(inner) nuclear retinal layer (INL) is formed by interneurons: bipolars and amacrine and horizontal cells. Bipolars

participate in transmission of visual signal from the photoreceptors into the ganglion, and horizontal and amacrine

cells connect all cells of the retina . Ganglion cells are the neurons of the second order, forming the third ganglion

nuclear layer. Their axons take part in the formation of the optic nerve . The outer plexiform layer (OPL) is formed

by synaptic contacts between rods/cones and bipolar cells, while the inner plexiform layer provides a connection

between bipolar and ganglion neurons, as well as a horizontal connection between amacrine and horizontal

neurons . The INL is where the bodies of Muller glia cells are localized. These retinal macroglia permeates the

entire retina from external to internal border basal membranes (formed by outgrowths of these cells) localized on

the border of plexiform tissue layers. Muller glia performs structural and neurotrophic functions in the retina .

Functions of the other elements of retinal glia, such as astrocytes, are associated with maintaining the structure

and metabolic activity of retinal neurons. Astrocytes can secrete vasoactive substances that regulate retinal

vascular tone . Retinal microglia present as a resident population of immunocompetent cells . The retina blood

supply comes from the central retinal artery feeding the inner retinal layers and choriocapillaries for the outer

layers: photoreceptor layer, ONL, and OPL . Retinal neurons, macroglia, and microglia, as well as the wall cells

of the microvessels (endotheliocytes and pericytes) interact with each other and form a blood–retinal barrier that

regulates the supply of oxygen and trophic factors to retinal neurons and is involved in recycling of metabolic

products .

Retinal development in vertebrate embryogenesis is under strict spatial and temporal regulation by the overlapping

gene networks . Homeobox transcription factors, an evolutionarily conserved class among the transcription

factors, are key regulators of developmental processes such as regional specification, cells migration, and

differentiation and morphogenesis of the tissues and organs, by regulating the expression of specific sets of target

genes. The developing retina is marked by distinct boundaries of homeobox gene expression at different

developmental time points. During retinal development the homeobox genes play multiple roles such as regulation

of patterning of the retina along the dorsoventral and nasotemporal axes. These genes are essential for the control

of proliferation and the choice of cells fate, the order of differentiation of specific neuronal and glial subtypes

through instruction signals from surrounding tissues, and retinal cells survival . Homeobox-containing

genes continue to be expressed in adult eye tissues, the retina in particular, ensuring eye homeostasis and

supporting axon function .

Constantly enriching the data on the human retina genetic map will help us to understand the molecular profile of

individual retinal cell types that enable cells to keep functioning and contribute to healthy vision, and will help us to

study how those genes impact different kinds of cells. The molecular atlas of healthy cells with cells from retinal

diseases and across different stages of human development will help identify the factors and signals that cause

cells to stop functioning and lead to vision loss and blindness .

It is important to take into account species barriers and tissue-specific features of regulating the expression of

regulatory transcription factors, among which are the homeobox genes, in attempts to transmit data from

experimental animal models to the human eye .
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